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Introduction
 During the event in the ocean area around 
Northern Japan, the particular phases (trench 
trapped Rayleigh wave) are often observed.
 The observed data and these characteristics
 The Finite Difference Method (FDM) simulation
• We examine the effect by;
 Seawater layer
 Sediment along the trench
 Seafloor topography
 And so on
What is the 
“Trench Trapped Rayleigh Wave”?
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What is the 
“Trench Trapped Rayleigh Wave”?
Velocity, UD, 10-100s  Group velocity ~1.2-1.5km/s
 Period 10~20s
 Large amplitude
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What is the 
“Trench Trapped Rayleigh Wave”?
Velocity, UD, 10-100s
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Source Location
 Hypocentral Depth
 Seawater Depth above the Epicenter
NMR, Velocity, UD, 10-100s
What affects on the trench trapped 
Rayleigh wave?
What is the cause?
• Deep Seawater Layer
• Thick Sediment (Accretionary Prism)
• Seafloor Topography
What controls the phenomenon?
• Seawater depth above the epicenter
• Hypocentral depth
2D FDM Simulation
• 2D P-SV FDM
• Proper boundary condition for solid-liquid boundary
• Considering the AOG case
Vp
(km/s)
Vs
(km/s)
Density
(kg/m3) Qp Qs
Thickness
(km)
Seawater 1.5 0 1000 - - 6
Sediment 3.5 1.5 1800 90 50 2
Oceanic crust 1 5.4+0.0055z Vp/1.94 2400 350 200 2
Oceanic crust 2 6.5+0.0055z Vp/1.87 2500 500 300 6
Oceanic mantle 8.1 4.6 2800 850 500 -
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Waveform Comparison
Simulated waveform
• Retrograde Rayleigh wave 
• Period < 17s
• Group Velocity ~1.3km/s
Similar to the observation
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Seawater and Sediment
• The seawater layer causes the “ocean acoustic wave”.
• The effect of sediment is relatively small.
• The depth of seawater affects on the group velocity 
and the dominant period. 
Hypocentral Depth
 The excitation is weaker compared to the 
case of shallower hypocenter.
Seafloor Topography;
Upslope Conversion
• The slope plays an important role for 
the conversion to Rayleigh wave.
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The surface waves are trapped and propagate along the trench.
A part of them are leave the trench and propagates to the land
at the kink of the trench.
Land
Sea Area; Island Arc Crust
Sea Area; Oceanic Crust
Sediment
Hypocenter
Considering Kuril case
Trench Axis
Trench Axis
Conclusion
 The mechanism of trench trapped Rayleigh 
wave is shown clearly by FDM simulation.
• Ocean acoustic wave is generated due to the 
seawater layer.
• The acoustic wave is converted into Rayleigh 
wave on the slope. -> Upslope Conversion
• The acoustic wave is trapped in the trench.
 For wave propagation in ocean area, the 
effect of seawater layer should be 
considered properly.
